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Technology adoptionNationally representative data for Malawi were used to measure the gender gap in adoption of modern
maize and to investigate how, if at all, Malawi’s Farm Input Subsidy Program (FISP) has impacted the gap.
Regression results show the probability of adopting modern maize was 12% lower for wives in male-
headed households, and 11% lower for female household heads, than for male farmers. Receipt of subsi-
dized input coupons had no discernible effect on modern maize adoption for male farmers. Receiving a
subsidy for both seed and fertilizer increased the probability of modern maize cultivation by 222% for
female household heads, suggesting the FISP has likely reduced the gender gap in adoption of modern
maize in Malawi.
 2014 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license. Introduction
In sub-Saharan Africa and other parts of the developing world,
the use of modern seed varieties is essential for farmers to signif-
icantly increase their crop harvests and improve their living stan-
dards (Minten and Barrett, 2008). Nevertheless, certain groups of
farmers, notably women, have relatively low rates of adoption of
modern crop varieties and other agricultural technologies associ-
ated with increased crop yields (Peterman et al., 2010). Data for
Malawi from the World Bank Living Standards Measurement Study
(LSMS) show not only a recent decline in the use of modern maize
seed, deﬁned here as hybrid and open-pollinated varieties, but also
a persistent gender gap in adoption of modern maize by female
household heads and wives in male-headed households (MHHs),
compared to male household heads (Fig. 1).2
The gender gap in adoption of modern crop varieties and other
agricultural technologies is detrimental to the empowerment of
women in developing countries, and imposes real costs on socie-
ties in terms of untapped potential in agricultural output, food
security, and economic growth (Ragasa, 2012). In-depth studiesindicate that, if women farmers had the same access as men to
improved agricultural inputs, such as fertilizer and seed, maize
yields would increase by as much as 16% in Malawi, 17% in
Ghana, and 19% in western Kenya (World Bank, 2012).
Furthermore, research in developing countries showed that
income controlled by women has a greater positive effect than
men’s income on calorie intake, nutrition, health, and educational
attainment of household members (Quisumbing et al., 1995;
Thomas, 1997).
The present study used nationally representative data for
Malawi from the 2010/11 Integrated Household Survey (IHS3)
to (a) measure the gender gap in adoption of modern maize;
(b) examine whether farmer gender inﬂuences adoption of
modern maize when other factors are controlled for; and (c)
investigate whether Malawi’s Farm Input Subsidy Program (FISP)
has impacted the gender gap. Female farmers in developing
countries are less likely than male farmers to adopt modern seed
varieties, but the relationship between gender and adoption
generally becomes insigniﬁcant in regression analyses which
control for access to resources that inﬂuence adoption of
agricultural technologies (Chirwa, 2005; Doss and Morris, 2001;
Smale, 2011). For example, Doss and Morris (2001) studied 420
Ghanaian farmers and found that the observed lower adoption
rate among female farmers was not due to a lower propensity
to adopt chemical fertilizer and modern maize seed, but reﬂected
more limited access to complementary inputs, especially land,
labor, and agricultural extension services.
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Fig. 1. Percentages of maize plots cultivated in modern maize and 95% conﬁdence
intervals for the percentages, by gender and relationship to head of the farm plot
decision-maker, Malawi 2003/04 (n = 11,209) and 2009/10 (n = 12,475).
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clusions about gender differences in adoption of agricultural tech-
nologies. Previous research typically included only a few hundred
observations, and might not have had the statistical power to de-
tect gender differences. The exception is the study by Smale
(2011), which was based on a nationally representative sample
of over 1000 Kenyan households. Another problem is that previous
research focused on the comparison between female and male
household heads, and ignored the sizable number of married fe-
male farmers (Doss, 2001). A recent study found that gender of
the plot manager signiﬁcantly affected crop productivity, whereas
gender of the household head did not (Peterman et al., 2011). Our
study contributes to existing work by using a large, nationally rep-
resentative dataset for Malawi for 2010/11, and by conducting the
analysis at the plot level, which allowed us to compare plots man-
aged by female household heads, wives in MHHs, and male house-
hold heads.
The current study complements research that evaluated the
economic impacts of agricultural input subsidy programs (Ricker-
Gilbert et al., 2011; Chibwana et al., 2012; Lunduka et al., 2013).
Since 2005/06, the Malawian government has provided over a mil-
lion farmers with annual subsidized coupons for maize seed and
nitrogen fertilizer under FISP. Malawi has received wide recogni-
tion for the program, and has been hailed as the site of the ﬁrst
African green revolution (Denning et al., 2009). Neighboring coun-
tries have emulated Malawi by initiating agricultural input subsidy
programs, but further evaluation of FISP’s impacts on economic
and social outcomes is needed.
FISP is thought to have differentially inﬂuenced adoption of
modern maize among female and male farmers because the pro-
gram was intended to target vulnerable households, including
those headed by women. However, empirical evidence indicates
that targeting was not successful in some years: in 2006/07 and
2008/09, FHHs were less likely than MHHs, and asset-poor house-
holds were less likely than wealthier households to receive cou-
pons (Ricker-Gilbert et al., 2011; Chibwana et al., 2012). More
optimistically, starting in 2009/10, agricultural extension ofﬁcers
worked with village leaders to identify beneﬁciaries and distribute
coupons, increasing the probability that FHHs and other intended
beneﬁciaries were selected for coupon receipt. Another reason FISP
might have had a different inﬂuence on modern maize adoption of
male vs. female farmers is that the program distributed coupons to
household heads, with wives relying on their husbands for subsi-
dized input coupon receipt.
This paper used data from the Malawi IHS3 to evaluate the im-
pact of FISP on gender disparity in the adoption of new agricultural
technologies. First, the analysis investigated factors associatedwith receipt of FISP coupons by households. Of primary interest
was whether female- vs. male-headed households had different
rates of coupon receipt. Second, the association between coupon
receipt and the growing of modern maize was examined, using
instrumental variables estimation to control for endogenous selec-
tion into the subsidy program. Third, we evaluated whether the re-
ceipt of FISP coupons had a differential effect on adoption of
modern maize by female vs. male farmers, i.e., if the program inﬂu-
enced the gender gap. Finally, the empirical model simulated adop-
tion rates for female household heads, wives in MHHs, and male
household heads under several scenarios, to estimate the potential
impact of FISP on Malawi’s gender gap in modern maize adoption.Data and deﬁnitions
The main source of data was the third Malawi Integrated
Household Survey (IHS3) a World Bank LSMS conducted in 2010/
11 that included survey results from the 2008/09 (15% of observa-
tions) and 2009/10 (85% of observations) agricultural years. The
survey collected information at the village, household, individual,
and farm plot levels, and merged these data with geographic data
from other sources, using GPS coordinates of the villages and
household dwellings. The present analysis included IHS3 data on
agricultural production, household demographics, and household
socioeconomic status; rainfall data from the U.S. National Oceanic
and Atmospheric Association (NOAA); information on elevation
from the International Food Policy Research Institute; and house-
hold distance to the nearest major road (primary and secondary
networks), calculated from household GPS coordinates and Mala-
wi’s National Roads Authority data using geographic information
systems (GIS).
We deﬁned four farmer categories, based on gender and status
in the household: female household heads, male household heads,
wives in MHHs, and husbands in female-headed households
(FHHs). Female household heads were deﬁned as unmarried wo-
men (separated, divorced, widowed, or never married), women in
monogamous marriages where the male spouse was absent more
than six months of the year, and women in polygamous marriages
who were recognized as the head of their household, because the
husband was absent a considerable portion of the time. We deﬁned
male household heads as unmarried or married men who were the
recognized household head. Wives were women in monogamous
marriages or in polygamous marriages where the male spouse
was the recognized head. Finally, husbands in FHHs were spouses
in polygamous marriages where the woman was considered the
household head, or spouses in monogamous marriages who were
absent more than six months of the year.Gender and agricultural production in Malawi
To assess the interrelationship between gender and agricultural
production in rural Malawi, it is necessary to understand gender
livelihood roles, and how women and men gain access to agricul-
tural resources, especially land and labor.
Gender and access to, and control of, land
Smallholder agriculture in Malawi occurs largely on customary
land, which accounts for approximately 80% of the total land area.
Customary land is owned by the state, but control and administra-
tion is delegated to the chiefs of clearly-deﬁned villages (Kishindo,
2004). Village chiefs have the right to allocate land within their
jurisdiction, but the role of chiefs in land transfers in Malawi has
diminished with increasing land scarcity. Today, women and
men gain access to land primarily through inheritance and
Table 1a
Relationship to household head and gender of plot owners, by region of Malawi, 2008/09 and 2009/10.
Relationship to household head Northern region Central region Southern region Malawi
Male Female Male Female Male Female Male Female
Head 1792 (78.7%) 391 (17.2%) 3622 (61.2%) 1083 (18.3%) 2503 (39.0%) 1719 (26.8%) 7917 (54.2%) 3193 (21.8%)
Spouse 63 (2.8%) 32 (1.4%) 29 (0.5%) 1182 (20.0%) 51 (0.8%) 2153 (33.5%) 143 (1.0%) 3367 (23.0%)
3 The Malawi IHS3 also collected information on weeks, days per week, and hours
per day worked by household members, but these data had very large numbers of
missing values. Labor information for plots managed by husbands in FHHs was not
examined, because these plots were so few in number.
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ent descent practices, namely matrilineal and patrilineal. They are
also based on residence status: in matrilocal contexts married men
reside in their wife’s village and in patrilocal contexts married wo-
men reside in their husband’s village (Kishindo, 2004; Place and
Otsuka, 2001). In patrilineal inheritance systems, which predomi-
nate in the north of Malawi, women cannot inherit their father’s
land. In matrilineal inheritance systems, which predominate in
the central and southern regions, women inherit their mother’s
land. Thus, in general, women in patrilineal systems and men in
matrilineal systems depend on their spouse to gain access to land.
With increasing land scarcity, however, matrilineal–matrilocal sys-
tems are changing, and it is becoming more common for wives to
be taken to their husbands’ villages, and for parents to allocate land
to their sons. This system is referred to as chitengwa. Neo-local res-
idence – residing away from both the husband’s and wife’s villages
– which was formerly unheard of in Malawi, is now practiced by
some households. According to the IHS3, 51% of households were
living in communities where the dominant inheritance-residence
system was matrilineal–matrilocal, 26% were matrilineal–patrilo-
cal or chitengwa, 6% were matrilineal-neo-local, 13% were patrilin-
eal–patrilocal, and 4% were patrilineal-neo-local.
The IHS3 collected information on gender-based differences in
the ownership and control of agricultural land. The average area
cultivated by farmers during the 2008/09 and 2009/10 rain seasons
was 2.25 acres, with MHHs cultivating larger farms than FHHs
(2.41 vs. 1.75 acres, p < 0.05). Farm households owned or culti-
vated one to 10 plots, with 23%, 39%, 24%, 10%, and 5% of house-
holds operating one, two, three, four, and ﬁve or more farm plots,
respectively. For plots owned (rather than rented or borrowed)
by the sampled households, respondents were asked which house-
hold member was considered the plot owner. For cultivated plots,
respondents were asked which household member was responsi-
ble for decisions regarding the crops to be planted, input use,
and the timing of farming activities. The owner and the decision-
maker were either the household head or the spouse for 99% of
the farm plots. Other household members who owned or managed
farm plots were parents, siblings, children, grandchildren, and
nieces/nephews, but these individuals accounted for only 1% of
plot ownership or management. For 77% of the owned plots, the
owner and decision-maker was the same person.
The IHS3 data indicate that female farmers owned 45% of the
farmed plots and male farmers owned 55% of the plots; but male
farmers were the decision-makers for about 74% of the plots
(Tables 1a and 1b). The discrepancy between the percentages of
female spouses owning plots (23%) vs. managing plots (5%) might
be explained by the matrilineal inheritance system widely prac-
ticed in the central and southern regions of Malawi. Under this sys-
tem, women are considered the owners of land, but defer to their
husbands on important household decisions, including those re-
lated to agriculture, as long as there is peace in the household.
The data make clear that women in rural Malawi make decisions
related to crop choice, input use, and timing of agricultural activi-
ties mainly when they are unmarried and the household head.
The IHS3 data show some differences in plot characteristics and
crops grown based on gender and relationship to the household
head (Table 2). Male household heads cultivated larger plots and
managed more plots than female farmers. Male household headsprovided higher estimates for the market value of their plots than
did female household heads. No statistically signiﬁcant differences
were detected among the four groups in terms of soil attributes.
Rain-fed agriculture was predominant for all categories.
In agreement with observed gender cropping patterns in Ghana
(Doss, 2002), the IHS3 data suggest that few crops could be deﬁned
as ‘men’s crops’, and none were primarily grown by women. Maize,
Malawi’s staple crop, is both a subsistence and a cash crop, and was
the dominant crop grown on plots managed by all three groups of
farmers, although the plots of male household heads were some-
what less dominated bymaize than plots managed by female farm-
ers (Table 2). Crop diversity was low for all groups, with male
household heads and wives growing slightly more crops per plot
than female household heads.Gender and agricultural labor constraints
Labor is an essential input in agricultural production systems
because most tasks require much time investment. This is particu-
larly true in places like Malawi where there is limited use of animal
traction and the hoe is the main farm tool. According to the World
Development Report for 2012, only about 5% of Malawian farmers
have access to mechanization. In Malawi, cultivation of modern
maize varieties generally increases farm labor demand during the
peak agricultural season because these varieties typically require
fertilizer application. In contrast, local maize is commonly grown
without fertilizer. As a result, adoption of modern maize can be im-
peded by limited availability of household or hired labor. Gender
roles can inﬂuence a household’s labor constraints and, therefore,
the probability of adopting new agricultural technologies in socie-
ties where women and men perform different tasks or have differ-
ential access to household or hired labor.
Malawian farm households depend on household members to
fulﬁll most of the labor requirements for maize production. Hired
labor is limited, averaging only 2.2 days per farm plot per year,
according to the IHS3. Female household heads hired fewer labor-
ers to work their plots than did wives and male household heads.
The Malawi IHS3 collected information on the numbers of elderly
(P65 years), adult male and female (15–64 years), and child (6–
14 years) household members engaged in three categories of agri-
cultural tasks: land preparation and planting; weeding, fertilizing,
and other non-harvest activities; and harvesting.3 Table 3 provides
labor supplied per acre for different agricultural activities for plots
managed by female heads, wives in MHHs, and male heads. Results
of the survey indicate a lack of gender division of labor for agricul-
tural activities, consistent with previous ﬁeld research in Malawi
(Davison, 1993; Hirschmann and Vaughan, 1983). On a per-acre ba-
sis, women made up about half of the number of engaged household
members in most tasks, although women’s labor was less important
on plots managed by male household heads.
Labor constraints are likely to be more pronounced in FHHs,
which tend to be smaller and contain fewer adult males than
MHHs. The IHS3 data show that plots managed by female
Table 1b
Relationship to household head and gender of plot decision-makers, by region of Malawi, 2008/09 and 2009/10.
Relationship to household head Northern region Central region Southern region Malawi
Male Female Male Female Male Female Male Female
Head 1754 (76.7%) 433 (18.9%) 4536 (76.6%) 1053 (17.8%) 4348 (67.3%) 1720 (26.6%) 10,638 (72.5%) 3206 (21.9%)
Spouse 29 (1.3%) 70 (3.1%) 57 (1%) 272 (4.6%) 65 (1%) 329 (5.1%) 141 (1.0%) 671 (4.6%)
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resident adult males per acre, compared to 13.49 and 7.67 for plots
managed by male household heads (Table 3). Wives in MHHs had a
higher number of household members working on their plots per
acre, compared with plots managed by male and female household
heads. Female household heads were disadvantaged in terms of
access to adult male labor, but wives in MHHs were not disadvan-
taged in this respect. Compared to wives and male household
heads, female household heads relied more on children and the
elderly to carry out agricultural tasks.
Overall, the Malawi IHS3 data reveal gender gaps in access to,
and control over, land and labor resources. Women’s experiences
varied: while wives and female household heads shared some
common experiences, they differed signiﬁcantly in terms of land
ownership, plot management, and access to labor. For example, wi-
ves were the decision-makers for only 5% of farm plots, while the
corresponding ﬁgure for female household heads was 22%. Wives’
plots had more hired and household laborers working on agricul-
tural activities than did female household heads’ plots. These pat-
terns are important to understanding the results of our empirical
model.4 It should be noted that the distance to road variable is measured with error for at
least two reasons. First, distance to the nearest road measured using GIS gives a
straight line distance rather than the actual distance that would be covered in
traveling from the household dwelling unit to the nearest road. Second, to preserve
the conﬁdentiality of sample households and communities, latitudes and longitudes
for the GIS variables were offset by speciﬁed amounts (see NSO, 2012, p. 31 for
details).Empirical approach
We used a two-step approach to empirically examine (a) the
importance of farmer gender in adoption of modern maize varie-
ties (Fig. 1); and (b) how, if at all, the Malawi FISP has impacted
the gender differential in adoption of modern maize. In the ﬁrst
step, a multinomial logit (MNL) regression was used to predict
the probability that a household received a subsidized input cou-
pon under the FISP. In the second analysis step, a logit model
was used to examine the factors, including coupon receipt, that
determine adoption of modern maize. A two-step approach was
needed because coupon receipt is potentially endogenous, due to
correlation with unmeasured factors that inﬂuence modern maize
adoption.
In recent years, the Malawi FISP entitled a beneﬁciary house-
hold to 2–5 kg of hybrid maize seed for free, and two 50 kg bags
of fertilizer (23:21:0 + 4S basal and urea fertilizer) at about 8% of
the prevailing market price (Chibwana et al., 2012). In practice,
beneﬁciary households received different combinations of maize
seed and fertilizer coupons. In the multinomial logit model (Eq.
(1) below), the dependent variable C was categorical, with one cat-
egory for no subsidized input coupon received, a second category
indicating the household received a fertilizer coupon but no maize
seed coupon, and a third category for households that received
both a fertilizer and a maize seed coupon. We did not include a
separate category for receipt of a maize seed coupon only, since
99.5% of households that received a maize seed coupon also
received a fertilizer coupon.
C ¼ b0 þ b1T þ kH þuLþxZ þ m ð1Þ
The ﬁrst explanatory variable, T, speciﬁes the 2008/09 agricul-
tural year, to account for differences in FISP between the two years
covered by the IHS3. Vector H denotes characteristics of the house-
hold head and the household. Since the coupons were provided tohousehold heads, characteristics of the household head and the
household were critical in determining which households received
coupons. The subsidy program was intended to beneﬁt the most
vulnerable farm households in each community, identiﬁed by vil-
lage chiefs and Village Development Committees (VDCs). Variables
indicating the household’s level of vulnerability were expected to
inﬂuence coupon receipt and were therefore included in Eq. (1):
gender, age, and educational attainment of the household head;
the size of the household’s agricultural landholding; the house-
hold’s wealth position; and the number of household members.
The wealth level variable was created using principal component
analysis (Filmer and Pritchett, 2001), based on components reﬂect-
ing household ownership of physical assets (motorcycle, bicycle,
radio, television, refrigerator, mobile phone, and livestock), access
to utilities and infrastructure (electricity, main source of drinking
water), and housing characteristics (type of wall, ﬂoor, and rooﬁng
material of the dwelling unit; type of toilet; number of rooms per
person).
Household-level factors H also included a set of binary variables
for whether or not the household received information about new
seed in the last year from agricultural extension ofﬁcers, other
farmers, or the electronic media. A ﬁnal variable in vector H was
a binary variable for whether or not the household head was born
in the village of current residence, a measure of social capital. We
assumed that individuals born outside the village were less likely
to be recognized by village leaders during coupon distribution than
community members born in the village (Chibwana et al., 2012).
To assess whether there were locational differences L in adminis-
tration of the subsidy program, variables were included in Eq. (1)
for the distance (km) to the nearest road and to indicate the house-
hold resided in the northern or central region.4
The two-stage instrumental variables model required inclusion
of at least one variable in the coupon receipt equation that was not
in the adoption equation. We used two variables Z thought to have
inﬂuenced coupon receipt, but that did not directly affect the
choice of what type of maize seed to cultivate. The ﬁrst was a
binary variable indicating whether a Member of Parliament (MP)
resided in the community. Allocation of the subsidy coupons at
the regional level was supposed to be based on the number of
hectares under cultivation. However, there might have been some
political inﬂuence on allocation, represented by the MP variable
(Ricker-Gilbert and Jayne, 2011). The second identiﬁcation
variable was the number of months the household head was away
from the village during the previous year. We hypothesized that if
a household head was away frequently he or she was less likely to
be present to receive a coupon, but that absenteeism would not
have a direct inﬂuence on modern maize adoption, as long as the
head could hire labor or rely on family members to cultivate the
plot in his or her absence.
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modern maize adoption, A, and a set of explanatory variables
hypothesized to inﬂuence adoption.
A ¼ a0 þ a1T þ a2Rþ hI þ dP þ cH þ lLþ pC þ e ð2Þ
The dependent variable, A, is a binary variable indicating
whether modern maize was cultivated on the farm plot. The farm
plot was the relevant analysis unit since many of the sampled farm
households operated multiple plots and cultivated these plots in
different maize varieties. The selection of explanatory variables
for Eq. (2) was based on review of literature on adoption of agricul-
tural technology in low-income settings (Doss, 2006; Feder et al.,
1985; Foster and Rosenzweig, 2010).
The ﬁrst explanatory variable, T, accounts for differences in
adoption probability between 2008/09 and 2009/10. R is a binary
variable indicating whether the plot decision-maker was the
respondent during the interviews. R controls for measurement er-
ror in cases where a household member other than the plot man-
ager responded to questions (Fisher et al., 2010). Vector I denotes
characteristics of the plot decision-maker: binary variables for
whether the plot manager was a female household head or a wife
(male household head is the reference category); variables for the
age and education of the plot decision-maker; and a binary vari-
able for whether the plot manager was from outside the village
of current residence. P represents plot attributes: area (measured
by GPS device); a binary variable indicating whether the plot had
market-based tenure (purchased, leasehold, and rented land) as
opposed to customary tenure; and the market value of the plot,
estimated by the respondent.
The household-level factors H hypothesized to inﬂuence adop-
tion of modern maize include variables for labor supply (number
of adults and older children in the household); access to cash or
credit to purchase seed (wealth level, non-labor income, and access
to credit); access to information about new seeds from government
agricultural extension ofﬁcers, other farmers, or electronic media;
and subjective drought risk, as measured by an afﬁrmative re-
sponse that the household was negatively impacted by drought
in the last year. The credit variable indicates that household mem-
bers were denied credit or did not seek out credit in the past year,
because they believed they would be refused, they did not know
any lender, they had inadequate collateral, or they considered
borrowing to be too costly.
The locational factors, L, include a variable for distance (km) to
the nearest major road (primary and secondary network) to mea-
sure agricultural market access; total precipitation (mm) in the last
year and elevation (m) of the village, which reﬂect maize growing
conditions; and region of residence variables, which capture other
agro-ecological, social, and economic conditions that inﬂuence
adoption of agricultural technologies.
Vector C⁄ includes two continuous variables measuring the
probability a household received a fertilizer coupon only and
the probability a household received both a maize seed and a
fertilizer coupon. These variables were predicted probabilities
from the multinomial logit regression of coupon receipt (Eq.
(1)). It was important to categorize coupon receipt in this way
to account for the different incentives for modern maize adoption
based on whether or not modern maize seed was part of the
received subsidy. In households where maize seed coupons were
received, adoption of modern seed was directly tied to the
subsidy program. If farmers received subsidized fertilizer only
(i.e. their subsidy package did not include free maize seed) their
use of modern seed was promoted but not guaranteed. If these
households grew modern maize they made a decision to use their
resources to purchase modern seed, i.e. the household decided to
adopt modern maize.
Table 3
Numbers of household members engaged in agricultural activities per acre on plots managed by female heads, wives in MHHs, and male heads, Malawi 2008/09 and 2009/10.
Plot characteristics Female heads Wives in MHHs Male heads
Mean 95% C.I. Mean 95% C.I. Mean 95% C.I.
Land preparation and planting
Elderly 0.52 0.44, 0.59 0.14 0.10, 0.19 0.21 0.19, 0.24
Men 0.87 0.77, 0.97 2.00 1.56, 2.45 2.21 2.12, 2.29
Women 2.42 2.26, 2.59 2.87 2.38, 3.36 2.01 1.94, 2.08
Children 0.60 0.54, 0.66 0.62 0.41, 0.84 0.29 0.26, 0.31
Total 4.41 4.17, 4.65 5.65 4.83, 6.46 4.72 4.57, 4.86
Weeding, fertilizer, and other non-harvest activities
Elderly 0.52 0.44, 0.60 0.13 0.09, 0.18 0.21 0.18, 0.24
Men 0.83 0.73, 0.93 1.80 1.42, 2.17 2.13 2.06, 2.21
Women 2.36 2.20, 2.52 2.67 2.21, 3.14 1.95 1.88, 2.01
Children 0.58 0.52, 0.64 0.69 0.46, 0.93 0.28 0.26, 0.30
Total 4.30 4.06, 4.53 5.29 4.56, 6.02 4.57 4.43, 4.70
Harvest activities
Elderly 0.51 0.42, 0.60 0.14 0.09, 0.18 0.19 0.17, 0.21
Men 0.74 0.65, 0.84 2.09 1.53, 2.65 1.85 1.78, 1.91
Women 2.21 2.04, 2.38 2.45 1.92, 2.98 1.86 1.79, 1.93
Children 0.62 0.55, 0.68 1.03 0.25, 1.81 0.31 0.28, 0.34
Total 4.08 3.83, 4.33 5.70 3.98, 7.42 4.21 4.07, 4.34
Agricultural activities
Elderly 1.55 1.32, 1.78 0.41 0.29, 0.53 0.61 0.54, 0.69
Men 2.44 2.16, 2.72 5.89 4.66, 7.12 6.19 5.98, 6.40
Women 6.99 6.51, 7.48 7.99 6.60, 9.39 5.82 5.62, 6.02
Children 1.80 1.63, 1.96 2.34 1.42, 3.27 0.87 0.81, 0.93
Total 12.78 12.08, 13.49 16.64 13.60, 19.68 13.49 13.09, 13.89
5 While the empirical tests indicate the MP variable is weakly related to seed
adoption, it deserves mention that Members of Parliament use their political
meetings with community members to pass on development messages, particularly
those related to food security issues.
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FISP coupon receipt
Table 4 presents marginal effects and z-statistics for the multi-
nomial logit model of FISP coupon receipt. Results indicate there
was no signiﬁcant difference in the probability of FISP coupon re-
ceipt between households headed by females vs. males. Contrary
to FISP targeting guidelines, there was a positive correlation be-
tween farm size and coupon receipt, and households at the bottom
40% of the wealth distribution were less likely than better-off
households to receive coupons for both maize seed and fertilizer.
Evaluations of FISP for 2006/07 and 2008/09 similarly found that
better-off households were targeted under the program (Ricker-
Gilbert et al., 2011; Chibwana et al., 2012).
Model results show the likelihood of coupon receipt was posi-
tively related to the age of the household head (Table 4), perhaps
because older farmers had lived long enough to develop strong so-
cial connections to their village leaders. Political or social motiva-
tions might have inﬂuenced identiﬁcation of beneﬁciaries by
village leaders. Number of household members was positively cor-
related with a household receiving both a maize seed and a fertil-
izer coupon. As expected, access to information from government
extension ofﬁcers or the electronic media had a positive inﬂuence
on the probability a household received both coupon types, be-
cause awareness of important program information from exten-
sion ofﬁcers and the media increased the likelihood that a farmer
would be present during coupon distribution. But information
from electronic media was negatively associated with receipt of a
fertilizer coupon only, a ﬁnding that is difﬁcult to explain. Findings
suggest that, compared with households headed by an individual
from outside the village, households with a head born in the cur-
rent village of residence were more likely to receive the full FISP
package consisting of both fertilizer and maize seed coupons.
Multinomial logit results indicate some locational differences in
administration of the subsidy program (Table 4). Geographic
remoteness did not appear to hinder program participation, since
distance to the nearest road had a positive association with receipt
of a fertilizer coupon. Compared to households in the south, north-ern region households were less likely to receive subsidized fertil-
izer only and more likely to get coupons for both maize seed and
fertilizer. Compared to households in the south, central region
households were more likely to receive subsidized fertilizer only
and less likely to get coupons for both inputs.
Interestingly, farmers residing in communities where a Member
of Parliament was resident or recently visited were more likely to
receive a FISP package consisting of fertilizer only, but were less
likely to receive both fertilizer and maize seed coupons (Table 4).
The MP variable was statistically signiﬁcant, providing some sup-
port for instrument validity. Number of months the household
head was away in the last year was not signiﬁcantly correlated
with coupon receipt, perhaps because other household members
collected the coupons in the head’s absence. Pairwise correlations
between the modern maize adoption variable A (Eq. (2)) and the
identifying instruments provided additional empirical support for
instrument validity. The correlations were statistically insigniﬁ-
cant (p 6 0.05) for both variables. Furthermore, when the two
identifying instruments were included in the modern maize adop-
tion regression, the variables were statistically insigniﬁcant.5Factors associated with adoption of modern maize varieties
Logit results for modern maize adoption provide insight into the
inﬂuence of control variables and key variables, i.e., variables rep-
resenting gender of the farm plot decision-maker and FISP coupon
use (Table 5). Modern maize adoption was higher in 2009/10 than
in 2008/09. Older farmers were less likely to grow modern maize
than younger farmers. Farm plot managers with a primary school
education or higher were more likely to grow modern maize than
less-educated farmers, supporting previous evidence that educated
individuals are better able to quickly and effectively process infor-
mation about new technologies (Foster and Rosenzweig, 2010).
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M. Fisher, V. Kandiwa / Food Policy 45 (2014) 101–111 107Findings in Table 5 indicate the decision to grow modern maize
was consistent with induced innovation, whereby land scarcity
encourages farmers to intensify agricultural production (Boserup,
1981). There was a greater tendency to grow modern maize on
plots that farmers subjectively rated as being of higher quality.
Thus, farmers with what they considered to be good agricultural
land appear to have had greater incentive to invest in the knowl-
edge required to adopt new seed varieties (Place and Otsuka,
2001).
Greater availability of adult male and child labor was associated
with a higher probability of growing modern maize (Table 5). Plots
were more likely to be planted in modern maize if they were man-
aged by an individual from a household that was not wealth poor
and that had non-labor income. Transmission of information from
farmer to farmer positively inﬂuenced adoption of modern maize.
Farm plot managers were less likely to grow modern maize if their
household had been negatively impacted by drought during the
past year. Local maize varieties might have performed better under
drought conditions than the available modern varieties, which
were not bred for drought tolerance, or farmers might have per-
ceived this to be the case. Alternatively, the drought variable result
might reﬂect farmer risk perception: risk-averse farmers are less
willing to take on the risks, both subjective and objective, that
innovations entail (Feder et al., 1985).
Poor market access increases a farmer’s production costs and
reduces proﬁts, and therefore should be associated with reduced
adoption of new agricultural technologies. Consistent with this
expectation, distance to the nearest major road was negatively
associated with adoption of modern maize. Agro-ecological condi-
tions were inﬂuential factors: plots in localities with favorable
growing conditions – relatively high rainfall and low elevation –
were more likely to be planted in modern maize. Finally, maize
plots in the northern region were less likely, to be planted in mod-
ern maize than plots in the south.
Surprisingly, at standard test levels (p < 0.05), neither of the
predicted coupon receipt variables was signiﬁcantly associated
with modern maize adoption, although both variables have the ex-
pected positive sign. In particular, it comes as a surprise that re-
ceipt of a package consisting of both fertilizer and maize seed did
not signiﬁcantly inﬂuence the growing of modern maize seed.
Regression results show that farmer gender had a signiﬁcant
inﬂuence on adoption of modern maize (Table 5). Controlling for
other important factors, female household heads had an 11% lower
probability, and wives in MHHs had a 12% lower probability of
growing modern maize than male household heads (see note a.
in Table 5 for an explanation of how these percentages were calcu-
lated from the marginal effects). In contrast, previous studies found
that gender differences in adoption disappeared, once controls for
access to land, labor, capital, extension services, and markets were
included (Chirwa, 2005; Doss and Morris, 2001; Smale, 2011).
Those studies were based on small samples, typically a few hun-
dred households, so their empirical models might not have had
sufﬁcient statistical power to detect gender-based differences in
adoption probability. Alternatively, the importance of gender to
adoption of agricultural technology could depend on context and
time. There is enormous complexity and heterogeneity among
households in sub-Saharan Africa, and gender roles and responsi-
bilities change with new economic circumstances (Doss, 2001).
A key research implication of the results for the gender vari-
ables in Table 5 is that reduced access to complementary inputs
is only a partial explanation for why gender of the farmer inﬂu-
ences adoption of modern maize in Malawi. Further analysis to re-
veal other explanations is needed. Another possible explanation is
that men and women have different preferences for variety charac-
teristics, but because crop breeders typically do not consult female
farmers, modern varieties generally do not match the speciﬁc
Table 5
Logit regression explaining adoption of modern maize seed on maize plots
(n = 11,051).
Variable Marginal
effecta
z-Valueb
Agricultural year 2008/09 0.054 3.27
Respondent was plot manager 0.017 1.42
Characteristics of plot decision-maker
Age (years) 0.004 6.18
Primary education or higher 0.060 4.18
From outside the district 0.033 1.83
Plot characteristics
Area (acres) 0.052 6.30
Market-based tenure 0.060 1.90
Estimated market value (US$1,000) 0.024 3.00
Household-level variables
Number of female adults (15–64 years) 0.007 0.87
Number of male adults (15–64 years) 0.022 2.97
Number of children (6–14 years) 0.013 2.77
Wealth poor (bottom 40% of wealth-index
distribution)
0.070 5.28
Non-labor income last year 0.027 2.06
Limited access to credit 0.021 1.91
Information on new seed from govt. extension,
last year
0.048 1.62
Information on new seed from other farmers, last
year
0.156 5.38
Information on new seed from electronic media,
last year
0.024 1.01
Negatively affected by drought in the last year 0.027 2.27
Locational factors
Household distance to nearest major road (km) 0.003 4.27
Total precipitation (mm), last year 0.001 8.23
Elevation (m) 0.0001 5.59
Residence northern region 0.110 3.31
Residence central region 0.035 1.25
Predicted FISP coupon receipt
Fertilizer coupon only 0.206 1.11
Maize seed and fertilizer coupon 0.222 1.11
Gender of plot decision-maker
Female head 0.057 4.03
Wife in MHH 0.059 2.34
a To arrive at percentage ﬁgures, the marginal effects must be divided by the
predicted probability of modern maize adoption (0.494).
b Because the unit of analysis was the maize plot, standard errors were adjusted
for within-cluster (household) correlation, using the household identiﬁer variable.
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Pandolfelli, 2010). In addition, lower adoption levels among female
farmers could reﬂect intrinsically higher risk aversion among wo-
men, and less willingness to take on the inherent risks that new
agricultural technologies entail (Feder et al., 1985). Although these
hypotheses have not been directly tested, there is some evidence to
support them. Research in Mexico showed that male farmers gen-
erally assigned greater importance to production attributes of
maize (e.g., yield), while female farmers put greater emphasis on
consumption characteristics (e.g., good for cooking) and vulnera-
bility traits (e.g., tolerance to excess rainfall) (Bellon et al., 2006).
These differences are predictable, considering that males are more
often responsible for crop commercialization, and that females are
more often responsible for maize processing and preparation. Fur-
thermore, a review of economic laboratory and ﬁeld experiments
on risk preferences consistently found higher risk aversion among
females than males (Croson and Gneezy, 2009).
Gender-based differences in the factors associated with adoption of
modern maize
Logit regression analysis was used to assess whether there were
gender-based differences in factors associated with adoption ofmodern maize and, in particular, if receipt of FISP coupons differ-
entially affected adoption rates by female household heads, wives
in MHHs, and male household heads. It is striking how poorly the
regression model explained adoption of modern maize by wives:
only four variables had statistically signiﬁcant effects (Table 6).
Availability of female household labor and access to information
about new varieties from government extension ofﬁcers were
strong predictors of modern maize adoption on plots managed
by wives. Wives’ plots that had market-based tenure were less
likely to be planted in modern maize than plots that had no formal
tenure agreement, which is an unexpected ﬁnding and difﬁcult to
explain. The lack of statistical signiﬁcance for parameters of the wi-
ves’ sub-sample probably reﬂects the relatively small sample size
(n = 483). Furthermore, a model that incorporates potential conﬂict
and bargaining between husbands and wives is likely more consis-
tent with the decision-making process of wives who manage farm
plots (Fisher et al., 2000; Lilja et al., 1996).
The empirical adoption model performed better for plots man-
aged by female and male household heads, and detected some
interesting similarities and differences between these two groups.
Marginal effects for plots of female and male household heads
were in the same direction for the following variables: agricultural
year, age, education, area of the farm plot, information from farm-
ers, previous year’s rainfall, and elevation above sea level. Explan-
atory variables that had a signiﬁcant inﬂuence only on male
household heads included being from outside the village, esti-
mated market value of the managed plot, numbers of adult male
and child members in the household, household wealth level,
information from government extension and the electronic media,
distance to the nearest major road, and residence in the north.
Non-labor income was the only control variable that had a sig-
niﬁcant inﬂuence on female, but not male, household head adop-
tion of modern maize. Non-labor income was especially
inﬂuential among de facto female household heads, whose hus-
bands migrated for work and sent remittances to the family. Sur-
prisingly, the availability of household labor did not inﬂuence
modern maize adoption by female household heads. The lack of a
signiﬁcant effect of information from government extension and
the electronic media on female household heads’ adoption might
indicate limited access to information from these sources, or that
these sources provided information in a manner that was not use-
ful to female farmers. Overall, results of the adoption model sug-
gest that male and female household heads represented
somewhat different demand segments in the market for modern
maize seed, consistent with the results of Smale and Mason (2012).
The inﬂuence of FISP coupon receipt on adoption of modern
maize by male and female farmers was of particular interest. Re-
sults indicate that coupon receipt had no discernible inﬂuence on
the adoption of modern maize by wives in MHHs or by male
household heads. Adoption by female household heads was, how-
ever, signiﬁcantly inﬂuenced by receipt of a FISP package consist-
ing of both maize seed and fertilizer coupons. The marginal effect
indicates that receipt of both input coupons was associated with
a 222% increase in the probability of modern maize adoption by fe-
male household heads. The very large magnitude of this effect rel-
ative to the marginal effects of other explanatory variables raises
the question of whether we observe real adoption or if cultivation
of modern maize varieties by female household heads merely
reﬂects access to free seed under the FISP.
Initial consideration of the adoption model results seem to indi-
cate that FISP reduced the modern maize adoption gap between
male and female household heads in Malawi. First, male and fe-
male household heads did not have differential probabilities of
FISP coupon receipt, during the 2008/09 and 2009/10 agricultural
years (Table 4). Second, receipt of a FISP package consisting of both
maize seed and fertilizer greatly increased modern maize adoption
Table 6
Logit regressions explaining adoption of modern maize seed on maize plots, by gender and relationship to the household head.
Variable Female heads (n = 2,776) Wives in MHHs (n = 483) Male heads (n = 7,792)
Marg. eff.a z-Valueb Marg. eff.a z-Valueb Marg. eff.a z-Valueb
Agricultural year 2008/09 0.071 2.24 0.014 0.17 0.056 2.78
Respondent was plot manager 0.020 0.45 0.102 1.78 0.012 0.88
Characteristics of plot decision-maker
Age (years) 0.005 4.00 0.004 1.26 0.004 4.99
Primary education or higher 0.141 3.57 0.110 1.38 0.050 3.14
From outside the district 0.029 0.70 0.042 1.06 0.049 5.22
Plot characteristics
Area (acres) 0.095 4.38 0.076 1.27 0.051 2.22
Market-based tenure 0.096 1.27 0.240 2.08 0.067 1.86
Estimated market value (US$1,000) 0.018 0.95 0.008 0.19 0.026 2.52
Household-level variables
Number of female adults (15–64 years) 0.003 0.20 0.128 3.40 0.002 0.18
Number of male adults (15–64 years) 0.011 0.74 0.043 1.46 0.025 2.79
Number of children (6–14 years) 0.006 0.58 0.002 0.10 0.014 2.40
Wealth poor (bottom 40% of wealth-index distribution) 0.007 0.27 0.009 0.15 0.088 5.65
Non-labor income last year 0.061 2.71 0.007 0.11 0.011 0.69
Limited access to credit 0.040 1.83 0.019 0.35 0.014 1.09
Information on new seed from govt. extension, last year 0.077 1.19 0.229 1.97 0.071 2.15
Information on new seed from other farmers, last year 0.160 2.98 0.230 1.76 0.156 4.40
Information on new seed from electronic media, last year 0.066 1.29 0.119 1.10 0.057 2.09
Negatively affected by drought in the last year 0.018 0.74 0.069 1.26 0.026 1.88
Locational factors
Household distance to major road (km) 0.003 1.83 0.003 0.83 0.004 4.30
Total precipitation (mm), last year 0.001 4.27 0.0002 0.56 0.001 6.97
Elevation (m) 0.0001 2.11 0.0002 1.98 0.0001 4.89
Residence northern region 0.116 1.85 0.103 0.70 0.096 2.29
Residence central region 0.077 1.32 0.005 0.05 0.013 0.39
Predicted FISP coupon receipt
Fertilizer coupon only 0.507 1.19 0.415 0.82 0.347 1.48
Maize seed and fertilizer coupon 0.924 2.03 0.326 0.38 0.070 0.30
a To arrive at percentage ﬁgures, the marginal effects must be divided by the predicted probabilities of modern maize adoption, which are 0.417 (female heads), 0.470
(wives in MHHs), and 0.522 (male heads).
b Because the unit of analysis was the maize plot, standard errors were adjusted for within-cluster (household) correlation, using the household identiﬁer variable.
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statistically signiﬁcant inﬂuence on the adoption probability of
male farmers. It is unlikely that the difference in modern maize
adoption between wives and male household heads was reduced
as a result of FISP. We did not examine intra-household distribu-
tion of coupons received by the household head, but Chirwa
et al. (2011) showed that in households that received FISP subsi-
dized fertilizer there was no bias in the likelihood of application
of fertilizer to female vs. male managed plots. Coupon receipt at
the household level did not signiﬁcantly inﬂuence modern maize
adoption for either wives in MHHs or male household heads.
The effect of FISP on the gender gap in adoption of modern maize
The logit adoption model was used to run three simulations
that investigated how recent rounds of FISP might have affected
the gender gap in modern maize adoption rates in Malawi, and
how targeting of subsidized input coupons to female-headed
households could potentially inﬂuence the gender gap (Table 7).
The simulations predicted adoption rates for plots managed by fe-
male household heads and male household heads, using the FISP
coupon receipt variables as those of primary interest. We did not
run simulations for plots managed by wives in MHHs due to the
poor ﬁt of the logit adoption model for that sub-sample. For the
simulations, all the control variables were held at their mean val-
ues, assuming that changes in coupon receipt would not affect
other model parameters. Separate simulations were performed
for the two groups of plot decision-makers.
Scenario 1 predicted modern maize adoption rates for female
and male farmers under the observed situation, where 27.85%(95% CI = 26.23, 29.47) of FHHs received a fertilizer coupon only
and 19.56% (95% CI = 18.12, 20.99) received both a maize seed
and a fertilizer coupon. Corresponding ﬁgures for MHHs were
25.13% (95% CI = 24.25, 26.02) and 18.21% (95% CI = 17.43, 19.00).
Scenario 2 assumed that FISP did not exist, and that farmers pur-
chased maize seed and chemical fertilizer at the prevailing market
prices. Finally, Scenario 3 assumed that FHHs were the primary tar-
gets of the FISP. We assigned the available coupons for the 2008/09
and 2009/10 years to FHHs ﬁrst (77% received both maize seed and
fertilizer coupons and 23% received a fertilizer coupon only). The
remaining coupons, after all FHHs were reached, went to MHHs
(27% received a fertilizer coupon only).
Model simulation results are presented in Table 7. The simu-
lated results for Scenario 1 are in good agreement with observed
adoption rates, which were 42.15% and 52.14% for female house-
hold heads and male household heads, respectively. Simulation re-
sults for Scenarios 1 and 2 show that FISP was associated with a
177% and a 31% increase in modern maize adoption for female
and male household heads, respectively. However, the differences
between modern adoption with and without the FISP were statis-
tically signiﬁcant only for the female household head sample. This
result parallels the earlier results in Table 6 showing that FISP had
a very large positive association with modern maize adoption
among female household heads but did not inﬂuence adoption
among male farmers. In tandem these results suggest the FISP
has narrowed, though not eliminated, the differential rate of mod-
ern maize adoption between female and male household heads.
These ﬁndings also highlight how important receipt of subsidized
seed is for FHHs to adopt modern maize. Comparing simulation re-
sults for Scenarios 1 and 3 suggests that targeting of FISP coupons
Table 7
Simulation results for adoption probability based on the modern maize adoption model.
Predicted probability of adopting MV maize [95% conﬁdence interval]
Female heads Male heads
Scenario 1: Observed coupon receipt 41.68 [39.79, 43.52] 52.28 [51.11, 53.43]
Scenario 2: Hypothetical situation where nobody would receive a FISP coupon 15.01 [3.00, 39.15] 40.06 [24.84,57.11]
Scenario 3: Hypothetical situation where coupons would be targeted to FHHs 78.25 [45.01, 95.83] 48.84 [38.63, 59.13]
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maize adoption between FHHs and MHHs, but the large amount
of variability in these estimates means we are unable to state this
conclusion with any reasonable degree of statistical conﬁdence.
Conclusions
Results of the present study provide insight into two important
scholarly and policy questions. First, how important is gender in
explaining patterns in adoption of new agricultural technologies?
Second, how effective are subsidy programs in encouraging adop-
tion of new agricultural technologies, particularly by women farm-
ers? Empirical evidence concerning the effectiveness of input
subsidy programs in general, and more speciﬁcally as an approach
to improve the economic well-being of women farmers, is crucial
to policy makers. Malawi provides a useful case, because the coun-
try has had a long-term commitment to agricultural input subsi-
dies, and because it is a learning case for other countries in the
region who are considering agricultural input subsidy programs.
Our study extends existing work in several ways. Unlike previ-
ous studies based on small sample sizes, we used the large, nation-
ally representative dataset from the 2010/2011Malawi IHS3. These
data made it possible to evaluate similarities and differences be-
tween female household heads, male household heads, and wives
in MHHs at the plot level. We used multinomial logit and logit
regression models to examine the effectiveness of FISP targeting
and the salience of gender in explaining modern variety adoption
gaps, and we employed instrumental variables estimation to con-
trol for endogenous coupon receipt. Finally, we used different sim-
ulation scenarios, based on the empirical adoption model, to
directly examine the potential impact of FISP on modern maize
adoption by female and male farmers. The simulations allowed
us to compare what would happen to the gender gap between fe-
male and male household heads if no one received coupons and if
the coupons were targeted to FHHs.
Contrary to results of previous studies (Chirwa, 2005; Doss and
Morris, 2001; Smale, 2011), we found gender was an important
determinant of modern maize adoption, even after controlling for
individual, household, and community-level characteristics. FISP
coupon use was associated with an overall increase of 222% in
the probability of modern maize adoption for female household
heads, but did not impact adoption probability for wives in MHHs
or male household heads. Simulations for scenarios with and with-
out FISP suggest the FISP increased modern maize adoption by
about 177% and 31% for female and male household heads, respec-
tively. However, the difference with and without FISP was only sta-
tistically signiﬁcant for the case of female household heads, which
suggests the FISP likely narrowed this gender gap in modern maize
adoption. The results indicate that targeting FISP towards FHHs,
could substantially reduce, or even eliminate, the gender gap in
adoption of modern maize, but we are unable to state this conclu-
sion with any reasonable degree of statistical conﬁdence.
Study results have important implications for future research.
First, more information is needed to understand why female farm-
ers are less likely than male farmers to adopt modern maize vari-
eties, and why many female household heads only grow modern
maize if they receive free seed, even when controlling for wealthlevel, non-labor income, and access to credit. Gender-disaggregat-
ed data on farmers’ preferences for speciﬁc variety traits and atti-
tudes toward risk would be particularly useful. Second, additional
information is needed to better understand factors that speciﬁcally
inﬂuence adoption decisions by wives in MHHs, e.g., how intra-
household dynamics inﬂuence modern maize adoption. Qualitative
research methods, such as in-depth interviews, could provide in-
sight into how husbands and wives negotiate agricultural deci-
sions, and could elucidate how gender norms shape agricultural
technology preferences and risk proﬁles.
Finally, results of the present study have important policy
implications, in particular, that input subsidy programs can play
a role in making modern farm technologies, such as modern seed,
accessible to female farmers. Beyond ensuring that female farmers
have access to improved technologies, separate policies that are
speciﬁcally aimed at female household heads vs. wives in MHHs
might be needed to completely eliminate the gender gap in adop-
tion of modern maize in Malawi.
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